Complexes of the 8-((furan-2-ylmethylene)amino)naphthalene-1-amine, Schiff base ligand with the metal ions, Cr(III), Co(II), Ni(II) and Cu(II) have been prepared and characterized by elemental analyses, IR, 1 H NMR, Uv-visible, magnetic moment, molar conductance and thermal analysis. The complexes are found to have the formulae [CrLCl(H 2 O) 3 ]Cl 2 .3H 2 O, [CoL 2 (H 2 O) 2 ]Cl 2 .3H 2 O, [NiL(H 2 O) 2 ]Cl 2 .4H 2 O and [CuL(H 2 O) 2 ]Cl 2 .2H 2 O. The conductance of complexes is measured and revealed their electrolyticnature. Thermal analysis and thermodynamic parameters of the complexes were investigated and indicated the presence of hydrated water molecules. The antimicrobial activity is assayed in vitro against two fungi and four bacteria species.
several times with ethanol, ether and subsequently dried over anhydrous CaCl 2 in adesiccator.
The product is producedin 75% yield.
Preparation of the metal complexes
The preparation of the complexes have been carried out by dissolving the metal salt in 10 ml of ethanol then is added slowly to magnetically stirred ethanolic solution of the Schiff base. The reaction mixture is refluxed for three hours. The resulting solution is concentrated by evaporation and the precipitate is isolated, washed withhot petroleum ether several times and then left to dry at room temperature.
Biological studies
In vitro antibacterial activity studies are carried out by using the standardized discagar diffusion method.The ligand and its complexesare tested against two local Gram positive bacterial species (Streptococcus pneumonia and Bacillus subtilis) and two local Gramnegative bacterial (Pseudomonas aeruginosa and Escherichia coli) on nutrient agar medium (NA).
Also, the antifungal activities are tested against two local fungal species (Aspergillusfumigatus and Candida albicans) on Sabouraud Dextrose Agar (SDA) medium.
AmphotricineB, Ampicillin, and Gentamicineare used as standard references for Grampositive & Gram-negative bacteria and fungi, respectively served as positive controls.The concentration of the test samples (1 mg/ml in DMSO) is introduced in the respective wells.
The plates are then incubated at 37 °C and 25 °C for bacteria and fungi, respectively.
Generally, the antimicrobialagent diffuses in the agar medium and inhibits the germination andgrowth of the test microorganism and then the diameters of inhibitiongrowth zones are measured in millimeter, after 24 hrs forbacteria and 48 hrs for fungi as an indicator for antimicrobial activityand the obtained results are represented as no activity, low activity,intermediate activity and high activity.
Result and discussion
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Mass spectra
Mass spectra data of Schiff base ligand, L and its complexes are showed a welldefined parent peak at m/z = 237 [P + ] confirming the molecular formula of the ligand, L.The molecular formula of Cr [C 15 H 24 corresponding to the parent molecular ion peak [p] + .
3.2.IR spectra studies
The IR spectrum (KBr disk, cm -1 ) of the ligand L showed symmetric and asymmetric stretching bands at 3345 cm -1 & 3309 cm -1 corresponded to NH 2 group [Nakamoto, 1986] . These results indicated the coordination of the metal atoms to the ligand via the azomethine nitrogen atom in the complexes. Moreover, the IR spectra showed ν(NH 2 or/and H 2 O) broad stretching frequency bands in the range 3355-3441 cm -1 . These results may suggest the presence of coordinated and / or hydrated water molecules in the reported complexes. The coordinated water molecules can be confirmed by TG-DTG analysis as will be discussed later. Moreover, there are band in the range 1231-1225 cm -1 referred to stretching vibrations of C-O-C bond of furan moiety in the spectra of complexes with the proper shift with respect to the corresponding one in the free ligand L. This indicates the coordination of the oxygen atom of furan moiety to metal in complexes. In addition, non-ligand stretching vibrations are appeared in the IR spectra of the complexes in the ranges 525-512 cm -1 and 473-470 cm -1 .
These bands are referred to ν(M-O) and ν(M-N) stretching vibrations, respectively, confirming the coordination of the oxygen atom of the furan moiety and the nitrogen atom of the azomethine group to the metal in complexes( Table 2) 
1 H NMR spectroscopy
The 1 H NMR spectrum of the Schiff base ligand in DMSOFig. (1)displayed singlet at 10.69 ppm referred to NH 2 protons and another singlet at 7.93 ppm corresponded to CH=N proton [Iftikhar, et al., 2018] . Further, the 1 H NMR spectrum of the ligand showed multiplet signals at 6.23-7.52 ppm referred to aromatic protons. 
Electronic and magnetic moment measurements
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Thermal analyses and kinetic studies
The thermal studies of the ligand and complexes are carried out using thermogravimetry (TG) and differential thermogravimetry (DTG) techniques. The TG data of the reported ligand and its complexes are listed in Table (4) and plotted as shown in Fig.(3) . Sci.,Vol.(36) , 2019 ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ The thermodynamic activation energy (E*), enthalpy (H*), entropy (S*) and Gibbs free energy change (G*) of decomposition processes of complexes are evaluated graphically by utilizing the Coats-Redfern relation [Coats & Redfern, 1964] Where W is the mass loss up to temperature T, W ∞ is the mass loss at the completion of the decomposition reaction, φ is the heating rate and R is the gas constant. As the value of (1-2RT/E *) ≅ 1, the plot of the left-hand side of Coats-Redfern equation against 1/T gives a straight line with slope E*/2.303R and intercept = log(AR/φE*). E * is calculated from the slope then the Arrhenius constant, A, could be obtained from the intercept. The other kinetic 
Biological activity studies
Antimicrobial agents are one of the major advances in medical science. However, the wide spread use of the traditional drugs leads to microorganism resistance. Vol.(36) , 2019 ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ ‫ـ‬ 13 bacterial stains B. subtilis, S. aureus, E. coli, P. aeruginosa and the fungal stains A. flavus and C. albicans and compared with known antibiotics: ampicillin as antibacterial agents and Amphotericin B as antifungal agents.
It is clear that, the ligand and its complexes exhibit significant activity against bacterial stains.
This may be due to the presence of the imine group which may be one of the reasons for the biocidal action of both the ligand and metal complexes. Furthermore, the results indicated that some complexes have higher activity than the ligand and the cobalt(II) and nickel(II) complex have the highest antibacterial and antifungal activity than other complexes. According to this study, it could be concluded in general that the metal ion in complexes improves the antimicrobial activity compared to the free ligand L. The higher activity of the complexes than the free Schiff base ligands can be explained by the cell permeability concept [Deamer et al., 1999] and Tweedy's chelation theory [Tweedy, 1964 . ]. According to the cell permeability concept, the metal ions can hardly pass through the membrane surrounding the cell due to the high polarity of such ions. On chelation, the polarity of the metal ions can be reduced to a greater extent as a result of the overlap of the ligand and metal ion orbitals leading to a partial sharing of the positive charge of the metal ion with donor groups. In addition, the lipophilicity of complexes is improved as the π-electron delocalization over the whole chelating ring increases. Accordingly, the penetration of the complexes into lipid membranes will be enhanced and then blocking the metal binding sites in the enzymes of microorganisms [Singh, 2008] (Figs.4-5) 
